(2) There is no evidence that primary sensitivity tests on specimens which prove to yield a single organism are unsatisfactory; indeed they may be more reliable than secondary tests on pure cultures.
(3) It has also been shown that Vi agglutination tests are so liable to error that they should only be done in specialist laboratories, and that lead acetate papers are unsatisfactory for recognizing hydrogen sulphide production by bacteria.
Although there is evidence of some improvement in overall results from 1972-73, when about 90 laboratories were participating, too much cannot be made of this because there is no certainty that the distributions in each year were comparable, and apparent improvement could be due to less stringent tests.
The chance to assess methods and compare results has been greatly appreciated by participating laboratories and there has been a queue of people waiting to join. Now that all can be accommodated the significance of results will improve, and it should be a great stimulus to local discussion and investigation, leading to demonstrable improvement in accuracy, speed and relevance. 
REFERENCES

Quality Control in Clinical Chemistry
Since the output of clinical chemistry laboratories is either expressed in numbers or is opinion based on numerical information, it is important that all concerned with its use should know the reliability of the data involved. In retrospect, it is surprising that the necessity for this did not appear to a science-based profession before the beginning of the last decade. Since then, quality control has followed a predictable course of evolution: first covering local needs, then national, and now international. It is at present changing in nature from the control of precision to the control of accuracy.
With the development of satisfactory systems for nomenclature and statistical approach, all aspects of this new branch of clinical chemistry can now be clearly expressed in numbers and it is possible to look forward to defining for clinical purposes the degree of precision and accuracy which is required for different measurements in different conditions. In the area ofnomenclature, the terms precision, accuracy, sensitivity and specificity have been carefully defined and are widely applied, but one or two subtleties of their usage remain to be clarified; for example, should sensitivity refer to the minimum amount of material which may be detected or measured, or to the minimum change in the concentration which may be detected ? Other terms, such as definitive and reference technology have only recently been applied and will be dealt with later.
Several regional schemes, one major national, and one commercial international scheme have been built up over the years. In all of these specially prepared samples are supplied on a regular weekly, fortnightly or monthly basis with the results returned to the centres for analysis by hand or more usually by computer. A system of regional advisers is building up whereby on a professional friendly basis, laboratories can receive advice and help on quality control matters.
The national scheme is operated from the Queen Elizabeth Hospital in Birmingham and the international scheme is run by Wellcome Reagents Ltd, Beckenham, Kent. They both aim to achieve the same ends with a slightly different approach. The national scheme, with about 350 laboratories participating, in each round covers a varying number of assays, usually about 8 at any one time, and issues general fortnightly reports giving the laboratories' results with distribution histograms. It produces a variance index which is an indication of overall proficiency in each laboratory and shows this as a running plot. The approach is varied from time to time with the inclusion of new investigations, such as one recently covering errors in enzyme measurement. The Wellcome scheme covers 21 types of assay and has 750 contributing laboratories (500 abroad), with about 610 regularly returning results. It operates in sixmonthly blocks so, in addition to producing a personalized computer printed report on performance each fortnight with a histogram for each assay, giving the individual laboratory result in the form of an arrow, it can at the end of each six-monthly period give figures on long-term performance, since unknown to himself the user has, over the six months, been assaying specimens with slightly different dilutions from three or four bulk preparations. Both schemes have a print-out which groups results with regard to the technique used.
Most clinical chemistry laboratories now utilize some form of control at different levels.
The technician at the bench inserts his own previously assayed control material and the laboratory head or, for laboratories fortunate enough to have one, the quality control officer, inserts into the day's work either commercially or locally produced material with ascribed values. At regular intervals he also inserts one or more samples from regional, national or international schemes, so that performance might be monitored with reference to other laboratories.
All the present schemes have an inherent weakness in that they monitor only precision, or at best, accuracy related to the findings of other laboratories. The average result obtained by all the participants of a scheme is termed the 'state of the art value'; it is not necessarily the correct result since no method in routine use at present can be guaranteed to give an accurate result in the full sense of the word. Because of this deficiency a new type of technology is being developed, aimed solely at producing a value for the concentration of a substance in a biological fluid which is as near to the true value as it is humanly possible to get. Such a technique has been termed 'definitive' and may be defined as: a technique for measuring the concentration of a given substance in samples of a particular biological material which (irrespective of the total cost and complexity involved) gives results which are accepted as the nearest attainable to the true values, and the accuracy of which can clearly be proved on theoretical grounds (e.g. isotope ratiomass spectrometry for calcium; Moore & Machlan 1972) .
It may be so difficult and costly to carry out such a technique, that only one or a very small number of laboratories in the world have the capacity, and therefore a second technique termed 'reference' has to be devised, with the definition: a technique which can be carried out with generally available equipment and which gives results which are statistically indistinguishable from, or which are biased in a clearly defined way from, those obtained by the corresponding recommended definitive method (e.g. atomic absorption spectrometry as detailed by the National Bureau of Standards, Washington, DC, for calcium assay; Cali et al. 1973) .
By applying these methods, it should be possible to check the accuracy of results obtained in quality control schemes and thereby have a continuous link, such that every result produced can be traced back via a reference method to a definitive method. One difficulty remains, the definitive technique and, with known limitations, the reference technique are capable of producing a correct result regardless of the content of the matrix, but a routine method does not necessarily have this property. The results obtained by it on the material assayed by definitive or reference technology may show good accuracy, but other specimens assayed may have drugs or other unforeseen components in their matrices which produce considerable inaccuracy. Therefore for accuracy control, together with the use ofreference technology must be included a thorough knowledge of the limitations in specificity of all routine methods. Definitive techniques are precluded for those measurements where the analyte cannot be specified and prepared in a highly pure form or, in the case of enzymes, where an activity is being measured. These categories require much further study. The word 'accurate' is difficult to apply, but international standardization of measurement is required and might be achieved by the drawing up of carefully designed and internationally accepted protocols.
Complete reference technology is at present available only for calcium, using principles worked out at the National Bureau of Standards and the National Institutes of Health in Washington, DC. A definitive technique is based on isotope ratiomass spectrometry (Moore & Machlan 1972) and a protocol for a reference technique is based on atomic absorption spectroscopy (Cali et al. 1973 ). The last is at present published only for criticism and possible modification before being presented for international acceptance. Development work is proceeding in several countries on the technology necessary for other substances, and the International Federation of Clinical Chemistry hopes to set up an office to provide coordination and international cooperation in the acceptance of suitable mcasurement principles and protocols.
The foregoing discourse on the control of accuracy with the requirement of virtually three grades of technique (definitive, reference and routine), each with a different standard of accuracy, begs the question as to what degree of accuracy and precision is required for a method to be used routinely. Many factors need to be considered and much work done before the correct answer can be given for any particular substance, but since the development of quality control has brought with it the ability to express the criteria required in numbers, the way is clear to define the approach which is necessary to make a rational decision.
The first requirement is a true definition of the reference (normal) range of concentration of a substance in the particular biological fluid being considered. Ideally for this it is necessary not only to select a suitable number ofpersons for investigation whose condition and living habits fulfil the requirements, but to ensure that laboratory error is eliminated or reduced to a minimum. This will mean that the reference range produced will include only biological variation. Specimens must then be obtained at suitable intervals to allow the calculation of the variation in concentration between individuals, and in one individual during the day, week and, if possible, month and year.
With this information it should be possible to decide upon the degree of laboratory precision which is required to detect an abnormality against the reference range of the concentration of a certain substance in the blood of a population, together with that higher precision which is required to distinguish an abnormal change or trend in an individual during a day, from day to day or longer. The laboratory error must be better than the biological variation by a certain factor. Workers at the National Institutes of Health (NIH) have done such an investigation (Young et al. 1971 ) by studying nine healthy subjects weekly for ten weeks, assaying certain blood constituents and calculating the laboratory error and the variations within individuals and between individuals. More recently Westgard et al. (1974) have studied the problem statistically in greater depth.
There are different opinions as to what the factor should be by which the laboratory error should be lower than the personal variation. The allowable error is sometimes termed tolerable analysis variation and the techniques in general use at the NIH at the time of the investigation had an error greater than the biological variation in four cases. Dr E Cotlove of the NIH believed that the error should be less than one half the relevant biological variation. Dr Tonks (1963) proposed a factor of one quarter, but he included laboratory error in the biological variation to which he was referring.
In summary, for clinical chemistry, there are now the means available for determining the degree of accuracy which is required in every foreseeable circumstance, and the possibility of achieving such quality as is necessary is certainly in sight. However, much work lies ahead before these aims can be realized, particularly in the case of those types of assay which have most recently been developed including radioimmunoassays generally, enzymes and certain steroid measurements. (1972) 
Quality Control in Hiematology
Hematology is a discipline which covers a wide range of skills. It uses techniques of analytic biochemistry, physical measurement, microscopy and stain technology, and it is also concerned with the practice of clinical medicine. Thus, quality control in hematology is complex, more so as there are both qualitative and quantitative tests, each of which requires a different approach. By far the greatest workload in the hematology laboratory comes from the blood count which consists of a number of interrelated investigations, so that an assurance of accuracy and reliability in this group of tests is a major requirement in the routine diagnostic laboratory. In fully-automated methods, the control required is of the instrument to ensure that it measures up to the manufacturer's specifications and that it is correctly calibrated. Semi-automated and manual techniques, on the other hand, require assurance of the technical skill of the operator as well as the reliability of the instrument, the reagents and the working standards. Finally, as diagnostic hiematology is above all a visual art based on cell morphology, the making and staining of blood films should also be controlled. Their interpretation requires professional judgment; whether this, too, is an area for surveillance is a more controversial issue which is beyond the scope of this paper.
Quality control has been practised instinctively for many years in haematology: thus, the hmmatologist might repeat a blood count which does not appear to conform to the patient's clinical state or to the blood film appearances. A more formal approach to quality control requires that every factor in a reaction or in the instrument performance be appropriately controlled and that personnel be adequately trained. The quality control procedures which should be adopted are based on the use of control materials, correlation assessments and statistical analysis as set out below.
Quality Control Procedures (1) Instrument calibration: reference preparations; comparison (working) standards; physical standards.
(2) Routine check with control samples: fresh blood; preserved/stabilized blood cells (reference preparations); from previous batch.
(3) Statistical analysis: constancy of resultsabsolute valuesof all specimens and of selected specimens; 'Cusum' on control samples/reference preparations;
Youden plot.
